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SPECIFICATION /75* 

1. Title of the Invention 

Infrared Heat Treatment Device for Semiconductor Substrate 

2 . Claims 

1. A heat treatment device for heating semiconductor 
substrates by using infrared light characterized by: being 
comprised of a retaining board that is provided with spray nozzles 
for spraying gas in order to horizontally retain a semiconductor 
substrate in a floating state and that transmits said infrared 
light, an upper lid that covers the upper side of said retaining 
board in a manner such that said semiconductor substrate retained 
over the retaining board in a floating state is stored inside and 
that also transmits said infrared light, and infrared irradiation 
devices that irradiate infrared light onto said semiconductor 
substrate retained in a floating state from the bottom side of said 
retaining board and from the top side of said upper lid; and said 
retaining board being equipped with 

a discharge port for the gas, which retains said floating 
state, at the center point of the location at which said 
semiconductor substrate is retained in a floating state, 



^Numbers in the margin indicate pagination in the foreign 

text . 
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a plurality of positioning gas spray nozzles that are located 
in a dispersed manner on a circle slightly larger than the outer 
diameter of said semiconductor substrate with the discharge port at 
the center and that are provided in a manner such that they are 
inclined toward said discharge port side by a set angle from a line 
perpendicular to said retaining board, 

a plurality of flotation gas spray nozzles that are evenly 
dispersed and provided in a set direction on a concentric circle 
located between said circle that passes through the positioning gas 
spray nozzles and said gas discharge port, and 

rotation gas spray nozzles that are evenly dispersed and 
provided on a concentric circle that is located between said gas 
discharge port and said circle that passes through the flotation 
gas spray nozzles in a manner such that they are inclined by a set 
angle in the tangential-line direction of the concentric circle and 
in the same direction when viewed from the position of said 
discharge port. 

2. Said infrared irradiation treatment device for 
semiconductor substrates of Claim 1 in which said plurality of 
flotation gas spray nozzles are provided in the direction 
perpendicular to said retaining board. 

3. Said infrared irradiation treatment device for 
semiconductor substrates of Claim 1 in which said plurality of 
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flotation gas spray nozzles are provided in a manner such that they 
are inclined toward said discharge port by a set angle with respect 
to said retaining board. 

4. A heat treatment device for heating semiconductor 
substrates by using infrared light characterized by: being /76 
comprised of a retaining board that is provided with spray nozzles 
for spraying gas in order to horizontally transfer and retain a 
semiconductor substrate in a floating state and that transmits said 
infrared light, an upper lid that covers the upper side of said 
retaining board in a manner such that said semiconductor substrate 
transferred and retained over the retaining board in a floating 
state is stored inside and that also transmits said infrared light, 
and infrared irradiation devices that irradiate infrared light onto 
said semiconductor substrate retained in a floating state from the 
bottom side of said retaining board and from the top side of said 
upper lid; and said retaining board being equipped with 

a discharge port for the gas, which retains said floating 
state, at the center point of the location at which said 
semiconductor substrate is retained in a floating state, 

transfer gas spray nozzles that form a row in a straight line 
that passes through the center of the gas discharge port and that 
are inclined in a set direction at constant intervals on a plane 
that includes this straight line and that is perpendicular to said 
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retaining board, 

< guiding gas spray nozzles provided at constant intervals in a 
manner such that they are inclined toward the row of said transfer 
gas spray nozzles by a set angle and such that they form rows in 
two straight lines that are parallel to the row of the transfer gas 
spray nozzles, that touch said circle on the retaining board that 
corresponds to the outer circumference of the semiconductor 
substrate retained at said location for retaining the semiconductor 
substrate, and that are each located on either side of the circle, 

flotation gas spray nozzles that form rows between and in 
parallel with the rows of the guiding gas spray nozzles and the row 
of said transfer gas spray nozzles and that spray gas in a set 
direction, 

positioning gas spray nozzles that, in order to position the 
semiconductor substrate to said location at which the semiconductor 
should be retained, are located in a dispersed manner on a circle 
on said retaining plate slightly larger than the outer 
circumference of said semiconductor substrate and that are provided 
in a manner such that they are inclined toward a plane that goes 
through the center of said gas discharge port and that is 
perpendicular to the row of said transfer gas spray nozzles, and 

rotation gas spray nozzles that are evenly dispersed and 
provided on a concentric circle that is located between said gas 
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discharge port and said circle that passes through said positioning 
gas spray nozzles in a manner such that they are inclined by a set 
angle in the tangential-line direction of the concentric circle and 
in the same direction when viewed from the position of said 
discharge port. 

5. Said infrared irradiation treatment device for 
semiconductor substrates of Claim 4 in which said plurality of 
flotation gas spray nozzles are provided in the direction 
perpendicular to said retaining board. 

6. Said infrared irradiation treatment device for 
semiconductor substrates of Claim 4 in which said plurality of 
flotation gas spray nozzles are provided in a manner such that they 
are inclined toward the row of said transfer gas spray nozzles by a 
set angle with respect to said retaining board. 

3. Detailed Explanation of the Invention 

The present invention pertains to devices that rapidly heat 
semiconductor substrates by means of infrared light in order to 
perform a heat treatment in the manufacturing process of a 
semiconductor device. 

A method in which a semiconductor substrate (hereinafter 
referred to as a wafer) , which is the object of heating, is heated 
by means of infrared irradiation has already been conventionally 
practiced. In general, however, a wafer is mounted on a susceptor 
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and heating is carried out by irradiating infrared light from the 
top according to this method. Therefore, the temperature of the 
top surface of the wafer increases rapidly, and the temperature 
increase of the bottom surface of the wafer that is in contact with 
the susceptor, which has a large heat capacity, is slowed down. 
This causes a large temperature gradation between the top and the 
bottom surfaces within the wafer, and this may become a cause for a 
distributional change of injected ions if the wafer has been 
injected with ions. In order to avoid this, the above-mentioned 
temperature gradation can be reduced by also irradiating infrared 
light from the bottom side of this susceptor by making the 
susceptor using an infrared transmitting material, such as quartz, 
but the infrared absorption rate of quartz, etc., is low, the 
susceptor is not likely to directly emit heat, the heat escapes 
from the wafer's bottom surface to the susceptor due to heat 
transmission, and therefore, the above-mentioned temperature 
gradation will not be improved very much. This temperature 
gradation is not desirable because it becomes a cause of defects, 
such as wafer warpage, in addition to the distribution change of 
the injected ions mentioned earlier. 

In order to avoid this cause of defects, said temperature 
gradation caused by said heat transmission can be considerably 
reduced by providing protrusions at 3 points or so on the susceptor 
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and by mounting the wafer on these protrusions. However, the 
temperature gradation on the wafer surface cannot be reduced due to 
variations in the intervals of the locations and the infrared light 
irradiation amounts of the infrared light sources. By rotating the 
susceptor, this temperature gradation on the wafer surface can be 
eliminated, but this makes the device complex. Moreover, in order 
to utilize this method for a mass-production continuous heat 
treating device, complex wafer loading and unloading devices become 
necessary. Moreover, since the heat capacities of the handling 
mechanisms of these devices are high, temperature increase time and 
cooling time become necessary. Therefore, rapid movement is not 111 
possible, and the number of wafers processed decreases. 

The present invention was completed in order to solve such 
problems, and it supplies a heat treatment device capable of 
rapidly heating without generating a temperature gradation inside 
the wafer and capable of being applied easily to mass-production 
assembly lines. A detailed explanation will be given below based 
on drawings , 

Figure 1 is a drawing of a vertical cross section that goes 
through the center point of the retained position of a wafer that 
is to be heat-treated by the device of one working example of the 
present invention. A retaining board [1] made from a material that 
easily transmits infrared light, such as quartz, has a discharge 
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port [3] for gas, which is used to retain the wafer in a floating 
state, provided at the center point of the retained position of the 
wafer [2] . A plurality of positioning gas spray nozzles [4] are 
located in a dispersed manner on a circle [4'] slightly larger than 
the outer periphery of the wafer [2], which is retained over the 
discharge port [3], with the discharge port [3] at the center and 
in a manner such that they are inclined toward said discharge port 
[3] side. Figure 2 is a plane view showing the locations of the 
discharge port [3], the positioning gas spray nozzles [4], and 
later-described various gas spray nozzles in the retaining board 
[1]. Next, on a concentric circle [5'] located between the circle 
[4'] on which the plurality of positioning gas spray nozzles [4] 
are arranged and the discharge port [3], a plurality of evenly 
dispersed flotation gas spray nozzles [5] are provided. These 
flotation gas spray nozzles [5] are provided in a manner such that 
all of them are perpendicular to the retaining board [1] or such 
that all of them are inclined by a set angle toward the discharge 
port [3] side. Furthermore, evenly dispersed rotation gas spray 
nozzles [6] are provided on a concentric circle [6'] that is 
located between the discharge port [3] and said circle [5'] that 
passes through the flotation gas spray nozzles [5] in a manner such 
that they are inclined by a set angle with respect to the 
tangential-line direction of the concentric circle and in the same 
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direction when viewed from the position of said discharge port [3] . 
The top side of the retaining board [1] is covered by an upper lid 
[7] made of a material that easily transmits infrared light, such 
as quartz, in a manner such that it stores the wafer [3] that is 
being retained in a floating state. Above the top side of this 
upper lid [7] and below the bottom side of the retaining board [1] , 
infrared irradiation devices [8] are provided in a manner such that 
they irradiate onto said wafer [2] that is being retained in a 
floating state. Moreover, guide tubes, [13], [14], [15], and [16], 
that are made from a material that easily transmits infrared light, 
such as quartz, are connected to each of said discharge port [3], 
positioning gas spray nozzles [4], flotation gas spray nozzles [5], 
and rotation gas spray nozzles [6] , and it is possible to spray or 
discharge required gas when necessary. 

Next, another wor]cing example of this invention will be 
explained. Figure 3 is a plan view showing the arrangement of the 
discharge port [3] and various gas spray nozzles in the retaining 
board [1] . The discharge port [3] and the rotation gas spray 
nozzles [6] are the same as those in the above-mentioned worlcing 
example, so their explanations will be omitted. On a straight line 
[9'] that goes through the center of the discharge port [3], a 
plurality of transfer gas spray nozzles [9] are provided in a row 
at constant intervals in a manner such that they are inclined in a 



set direction. Moreover, on two straight lines [10*] that are 
parallel to said row of transfer gas spray nozzles [9] and that 
touch both sides of a circle [12'] on the retaining board [1] that 
is equivalent to the outer circumference of the wafer, which is 
being retained with the discharge port at the center, a plurality 
of guiding gas spray nozzles [10] are provided at equal intervals 
in a manner such that they are inclined toward the row of the 
transfer gas spray nozzles [9] . Moreover, on both sides of the row 
of transfer gas spray nozzles [9], flotation gas spray nozzles [11] 
are provided at constant intervals in a manner such that they are 
perpendicular to the retaining board [1] or inclined toward the row 
of transfer gas spray nozzles [9] on straight lines [11'] that are 
between and parallel to the rows of guiding gas spray nozzles [10] . 
Moreover, the same number of positioning gas spray nozzles [12] are 
provided between the row of transfer gas spray nozzles [9] and the 
rows of flotation gas spray nozzles [11] in the areas of the circle 
on the retaining board [1] touched by the rows of said guiding gas 
spray nozzles [10], and these positioning gas spray nozzles [12] 
are provided in a manner such that they are inclined in the 
direction of a plane that passes through the discharge port [3] and 
that is perpendicular to the row of transfer gas spray nozzles [9] . 
Among the above various spray nozzles, the guiding gas spray 
nozzles [10] and flotation gas spray nozzles [11] malce up a first 



group, the positioning gas spray nozzles [12] that are on the 
upstream side [12-1] of the transfer malce up a second group, the 
positioning gas spray nozzles [12] that are on the downstream side 
(rear side) [12-2] of the transfer malce up a third group, the 
transfer gas spray nozzles [9] make up a fourth group, and the 
rotation gas spray nozzles malce up a fifth group. Below the 
retaining board [1] , each group is separately connected to guide 
tubes made from a material that easily transmits infrared light, 
such as quartz, and it is possible to. spray or discharge required 
gas when necessary. In addition to such a retaining board [1], the 
upper lid [7] and infrared irradiation devices [8] are the same as 
those of the above-mentioned worJcing example, and their 
explanations will be omitted. / 

Next, the operation of the device of this invention will be 
explained. First, the first worlcing example will be explained. In 
the case of this working example, the retaining board [1] does not 
have a function to transfer the wafer, and heating is carried out 
by means of infrared light by retaining the wafer in a floating 
state at a fixed location. Before mounting the wafer [2] , required 
gas (such as nitrogen gas) is sprayed from each spray nozzle. The 
spraying directions are the directions in which the spray nozzles 
face as explained earlier, and they are inclined by about 30° in 
the directions of the arrows of Fig. 2 from the direction 
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perpendicular to the surface of the retaining board [1] . Since the 
flotation gas spray nozzles [5] can be selected to be either in the 
perpendicular direction or inclined by 30°, arrows are not assigned 
to them in Fig. 2. When the wafer [2] is placed at a prescribed 
location in such a condition, it becomes retained in a floating 
state over the retaining board by means of the flotation gas 
sprayed from [5] . The height of flotation can be adjusted by means 
of the spray amount of the flotation gas, and flotation of 0.5mm or 
less is sufficient. Moreover, by means of the positioning gas 
sprayed from [4], the wafer [2] is pressed toward the center of the 
wafer [2] from each of the positioning gas spray nozzles [4] . 
Since these spray nozzles are located in a dispersed manner, the 
wafer [2] is pressured toward the center from each direction and 
stops at a location at which the balance of the forces is achieved. 
The spray nozzles should be located in a manner such that this stop 
point becomes concentric to a circle that has the discharge port 
[3] at the center, and they should be located in an evenly 
dispersed manner in the case of the first working example. 

Next, the rotation of the wafer [2] will be explained. When 
rotation gas is sprayed from the rotation gas spray nozzles [6], 
which are evenly dispersed on a concentric circle on the inner side 
of the flotation gas spray nozzle row, in a direction about 30° 
inclined from the vertical direction, the wafer [2] that is in a 
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floating state rotates while having its center maintained by means 
of the positioning gas. 

By closing the upper lid [7] and turning on the infrared 
irradiation devices [8] in such a state, the wafer [2] receives 
infrared irradiation from the top and the bottom and becomes heated 
rapidly. In the working example, the temperature of the wafer [2] 
can be increased from a normal temperature to a high temperature of 
lOOO^C or higher in about 10 seconds by setting the infrared light 
energy irradiation density to about 20-30W/cm^. Moreover, as for 
the temperature difference between the top and bottom surfaces of 
the wafer [2], equilibrium can be provided easily by adjusting the 
electrical power supplied to the top and bottom infrared 
irradiation devices [8] . Moreover, since the wafer [2] is being 
rotated, heating can be performed evenly by also eliminating 
temperature differences on the same surface of the wafer [2] caused 
by variations in the locations and infrared irradiation amounts of 
the infrared irradiation devices [8] . As for the cooling of the 
bottom surface of the wafer [2] caused by the gas spraying, the 
irradiation amounts of the bottom-side infrared irradiation devices 
[8] should be increased by an amount proportionate to the cooling 
amount . 

Next, the operation of the second working example will be 
explained. Figure 3 is a layout drawing of the discharge port [3] 
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and each spray nozzle on the retaining board [1] of this working 
example, and the arrows indicate the directions in which the spray- 
nozzles are inclined from the vertical line on the retaining board. 
The inclination angle is also set to about 30^ from the vertical 
line in this working example, as well. 

From among these spray nozzles, ones that are spraying gas 
from the beginning are the guiding gas and flotation gas spray 
nozzles, [10] and [11], of said first group, and the gas of this 
group is always being sprayed during operation. Next, when the 
wafer [2] is placed on the right end of Fig. 3 between said two 
rows of guiding gas spray nozzles [10] after causing spraying of 
the positioning gas of the third group from [12-2] and the transfer 
gas of the fourth group from [9], the wafer [2] floats from the 
retaining board [1] by about 0.5mm by means of the flotation gas, 
and while being guided onto the center line of the transfer path by 
the guiding gas, it becomes transferred by the transfer gas and 
reaches a point directly above the discharge port [3] that is at 
the center portion of Fig. 3. Once this location is reached, the 
advancement is stopped by means of the flow of the positioning gas 
of the third group that is already being sprayed from [12-2] . At 
this time, at the same time as the stopping of the spraying of the 
transfer gas of the fourth group, the positioning gas of the second 
group and the rotation gas of the fifth group are sprayed from the 

15 



spray nozzles [12-1] and [6], respectively. In this condition, the 
wafer [2], while floating from the retaining board [1] due to the 
flotation gas of the first group, is positioned by the guiding gas 
of the first group and the positioning gas of the second and third 
groups to a location that is centered directly over the discharge 
port [3], and rotation is started by means of the rotation gas of 
the fifth group. 

Furthermore, since the infrared irradiation devices [8] have 
already been turned on at this time, the wafer [2] that is rotating 
at a fixed location while floating is rapidly and evenly heated 
from both the top and bottom surfaces. /79 

Next, in order to unload the wafer [2] after performing the 
heat treatment for a prescribed amount of time, the spraying of the 
positioning gas of the third group is stopped, and at the same 
time, the spraying of the transfer gas of the fourth group is 
started. This moves the wafer [2] to the left of Fig. 3 by means 
of the positioning gas of the second group being sprayed from [12- 
1] and the transfer gas of the fourth group. After this, the wafer 
[2] will be moved to the left end by means of only the transfer 
gas . 

In addition, the rotation gas of the fifth group may either be 
sprayed only when the wafer [2] is rotated or may be sprayed at all 
times in the same manner as the flotation gas and guiding gas of 
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the first group. 

In the case of this second working example, if the wafer 
supply cassette and wafer storage cassette mentioned in Tokugan 
No. 57-103524 "Continuous Heat Treatment Method and Device for 
Semiconductor Substrate" applied for by the present applicant are 
provided on the right end and left end of the traveling interval of 
the wafer [2] shown in Fig. 3, automation of the cassette-to- 
cassette operation becomes easily possible. 

In the above manner, since the wafer [2] is floating by means 
of the sprayed gas in the device of this invention, there is no 
partial heat loss caused by contact with solid matter. Moreover, 
since it rotates during a prescribed heat treatment period, the 
uneven temperatures on the surface of the wafer [2] caused by 
variations in the locations and irradiation amounts of the infrared 
irradiation devices [8] can also be made even. Moreover, since 
flotation transfer is possible, automation of a device that 
performs heat treatments continuously can also be easily achieved. 
Moreover, since it is not necessary to heat up portions having a 
high heat capacity, rapid heating and rapid cooling can also be 
easily carried out, and thus, the practical effects are extremely 
significant . 
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V 

4. Brief Description of the Drawings 

Figure 1 is a drawing of a vertical cross section that goes 
through the center point of the retained position of a wafer of the 
device of one working example of the present invention. Figure 2 
is a layout drawing of the gas discharge port and spray nozzles on 
the retaining board of the device of Fig. 1. Figure 3 is a layout 
drawing of the gas discharge port and spray nozzles on the 
retaining board of the device of another working example of the 
present invention . 

In the drawings: [1] is a retaining board, [2] is a wafer, 
[3] is a discharge port, [4] is a positioning gas spray nozzle, [5] 
is a flotation gas spray nozzle, [5] is a rotation gas spray 
nozzle, [7] is an upper lid, [9] is a transfer gas spray nozzle, 
[10] is a guiding gas spray nozzle, [11] is a flotation gas spray 
nozzle, and [12-1] and [12-2] are positioning gas spray nozzles. 
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